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The fabrication of 15MW neutral beam 
injection heating system for LHD was started as a 
three-years program. This is the biggest negative-
ion- based neutral beam injection system, and its 
design is based on our recent results of R&D on 
high power negative hydrogen ion source. The 
system consists of two tangential beamlines, each 
of which has two negative ion sources. The ion 
source is designed to deliver 40A of H- beam with 
the energy of 180ke V. To reduce the size of ion 
source, high current density of over 30mA/cm2 is 
taken as a design value. 7 .5MW of neutrals must 
be injected through a port of 56cm in diameter, 
which requires the low beam divergence of less 
than 1 Omrad. as well as the precise focusing of 
multi-beamlets. The maximum beam pulse length 
is 10 seconds in every 5 minutes. The beamline is 
designed to use a conventional gas neutralizer cell 
at the ground potential. The magnetic separation 
of the residual ions is adopted in this system 
because of the high current density. 
TABLE 1. Specifications ofNegative-Ion-Based 
Neutral Beam Injectors in the world 
LHD JT-60U ITER 
Port through 15 10 50 
Power (MW) 
lon species H/D D D 
Beam 180 /360 500 1,000 
Energy (keV) 
Number of 2 1 3 
beamline 
Number of 4 2 9 
ion source 
Neutralizer gas gas gas 
lon deflection magnetic magnetic electrostatic 
(active) (passive) 
Ion Source 
The ion source is a cesiated multi-cusp source 
with a strong magnetic filter. It has a beam 
82 
extraction area of 25cm wide and 120cm long. 
Assuming 3 8o/o of the transparency of the gird, the 
current density of 35 mA/cm2 is required ~ The grid 
is divided into five sections along a longer 
direction, and each section faces towards the focal 
point that is located 13m downstream from the ion 
source. The accelerator is composed of three grids 
(single stage acceleration), which simplifies the 
power supply system. The amount of extracted 
electrons is assumed to be the same of negative 
ions, which is confirmed by the recent our 
experimental results. 
Beam Line 
The beam line consists of a large gas expansion 
chamber, a neutralizer cell and a beamdump 
chamber. The gas expansion chamber is connected 
to the ion source, and its vacuum pressure must be 
small to reduce the stripping loss of the 
accelerating negative ions, while it must be large 
enough to keep the gas thickness in the neutralizer 
for neutralization. The ion bending magnet is 
located at the exit of neutralizer and the beam 
dumps for the positive and negative residual ions 
are installed. We choose the gas line density in the 
neutralizer cell so that the fraction of positive and 
negative ions are equal. The total length of the 
beam line becomes about 12m. 
Power Supplies 
The acceleration power supply is common for 
two ion sources on the beamline, because the two 
ion sources should be installed as close as possible 
to prevent the separation of two beams in the LHD 
plasma. Other power supplies such as for filament, 
arc, bias, beam extraction, are prepared separately 
for each source. A switch using GTO in the DC 
output circuit is adopted for fast pulse modulation 
of the beam. All the power supplies can be 
controlled programmably. 
Construction Schedule 
The first injector including power supply 
system will be fabricated by the end of FY 1997. 
The commissioning will be done in the middle of 
1997. The fabrication of second injector will be 
started in FY1996, and will be completed at the 
end of FY1998. The beam injection is planned to 
start in the fall of 1998. 
